This topical report provides data associated with the title project, provided according to tables of information requested by the Department of Energy. Background: The Pennsylvanian Upper Marchand sand reservoir at East Binger Unit is located at a depth of 9,000 to 10,000 ft in the Anadarko Basin. OOIP for the Marchand sand unit of the Hoxbar group is 100 to 125 MMSTB. The Marchand reservoir covers 13,000 acres at East Binger Unit. 5,300 acres are on Indian lease lands. Phillips initiated flue gas injection in the 1970s, but had early gas break through. Over time the produced gas became unmarketable due to its increased nitrogen content. In 1986 a change was made to nitrogen injection, following the construction of a plant to extract nitrogen from the produced gas and from the air. Nitrogen has the advantages of being widely available, cost-effective, and environmentally superior as an injectant for miscible floods. Binger Operations took over as the field operator in 1998 with 55 producers and 27 injectors. Cumulative production (Dec 2001) is 20.3 MMBO. Current production (Dec 2001) is approximately 810 bopd, with about 15 MMCFD N2 injection. The problems at East Binger are early injection breakthrough and cycling of injected nitrogen, resulting in a loss of miscible pressure. The project plans to demonstrate the effectiveness of horizontal wellbores in reducing gas breakthrough and cycling. Work to be Performed: The objective of this project is two-fold. It will demonstrate use of nitrogen as a widely available, cost-effective and environmentally superior injectant for miscible floods. It will also demonstrate the effectiveness of horizontal wellbores in reducing gas breakthrough and cycling. It is expected that the demonstration will lead to implementation of nitrogen injection projects in areas without readily available carbon dioxide sources. Technology transfer will occur throughout the project. In January 1977, the operators reached a decision on an enhanced recovery method, inert gas injection, as well as the unitization parameters. On February 1, 1977, the legal allowable was raised by the OCC to 50 BOPD per well, where it remained until the effective date of unitization, August 1, 1977.
Category/
After unitization, thirteen production wells were initially converted to inert gas injection. Initial injection rates were 6 MMCFD, increasing to 20 MMCFD by 1979. By early 1978, however, the expected production response from inert gas injection had not yet materialized, and the field was experiencing areas of early gas breakthrough. Twentythree infill development locations were drilled between 1980 and 1983. Ten infill wells drilled in 1981 resulted in 80-acre development in a portion of the field.
Early gas breakthrough, injectivity decline problems, and corrosion-related casing leaks were encountered during the first years of inert gas injection. The injectivity problems were dealt with by installing high efficiency coalescing filters at critical injection wells and at the plant, and implementing a variety of well clean-up treatments, including the use of xylene soaks and refracturing. Casing leaks were repaired with cement and/or liners. However, a number of wells were lost over time due to casing problems.
By the early to mid 1980s, increasing inert gas breakthrough volumes caused some of the produced gas to become unmarketable. Some wells, if they were appropriately located, were converted to gas injection. A secondary gas gathering system was also built to re-inject unmarketable gas as a blend with the inert gas. The limits of this system were reached by 1985.
As the quantity of shut-in oil production increased, the re-injection of the high nitrogen gas became economically justifiable. In 1985, the Unit entered an agreement with Niject Services Company to provide nitrogen management services to the EBU. Niject designed, built and operated Nitrogen Management Facilities on-site to process the produced gas from the Unit, provide the Unit with high pressure, high purity nitrogen, and return to the Unit for sale the natural gas and natural gas liquids. The plant was came on line in December 1986. Niject owned and operated the plant through 1997. The Unit purchased the plant in January 1998, and took over operation of it in 2001. Topical Report -Budget Period I Category/ Table II See "Well Cmpl&Stim Data.xls", "API-numbers.xls", and "LogData frPPCO.xls" Topical Report -Budget Period I
Category/Table IV -Field Production Constraints and Design Logic
Problem Statement -constraints on further producibility (Excerpt from original grant proposal):
The EBU is currently undergoing enhanced recovery operations through the use of a miscible nitrogen flood. The main producibility problem within the miscible nitrogen flood at the EBU appears to be the early breakthrough and cycling of the injected gas, primarily through the higher permeability layers in the top section of the Marchand 'C' sand. These permeability variations are common reservoir heterogeneities found in Class I reservoirs. The reservoir heterogeneities are further complicated by the viscous fingering of the injected gas due to the unfavorable mobility ratio between the oil and the injected gas, and leads to the dissipation of the slug and poor sweep efficiency. Natural gravity segregation of the injected gas also plays a role in the producibility problem, when not properly managed, because the gas does not readily maintain a vertical moving miscible bank through the reservoir. Ultimately, this results in difficulties in achieving and maintaining miscible pressure throughout the reservoir and reduces expected ultimate recovery. It also results in unnecessary incremental operating expenses due to the additional processing and injection of the cycled breakthrough gas.
The producibility problems at the EBU have been apparent since early in the life of the EOR project, and have been partially responsible for a change in the injectant from flue gas to nitrogen. The miscible recovery process at the EBU was initiated at the time of unitization in August, 1977 with the injection of flue gas. Within one year, gas breakthrough was noted in various locations. As the channeling and breakthrough problems continued, they were initially handled by shutting in the offending wells, or by converting them to injection if properly located. Until 1986, the produced gas was sold directly to one of three pipelines, and the increasing nitrogen content reduced the BTU value of the gas, rendering it unmarketable.
In 1986, a Nitrogen Management Facility (NMF) was built in the Unit boundaries by Niject for the EBU. Its construction and use was intended to reduce the cost of inert gas production, address tubular corrosion and injector plugging problems attributable to products formed by the flue gas, and to improve the field economics by enabling oil production and recovery of NGLs from wells that had been shut-in due to gas breakthrough. The NMF is an integrated plant which combines cryogenic air separation, natural gas treating (sweetening), Natural Gas Liquid (NGL) processing, and cryogenic hydrocarbon gas separation and compression. Upon plant completion, the miscible process was converted over to the use of nitrogen as the inert injected gas.
The plant was originally designed to handle inlet gas with a nitrogen content of up to 70%. The NMF plant inlet gas composition is currently 71.76% nitrogen, with over a third of the active producers producing gas that is 70% or greater nitrogen. Several producing wells have been shut-in due to excessively high nitrogen content in the produced gas. The NMF plant efficiency is currently limiting field production in that several wells with high gas-oil ratios (GOR's) have been restricted to allow the plant to operate with less downtime and within the original design envelope.
Reservoir characterization and simulation work has confirmed that high (relative to the majority of the reservoir) permeability channels exists within the reservoir, particularly along the top of the Marchand sand, that are enabling the channeling and cycling of injected gas through the reservoir. A review of the gas saturations across the reservoir suggests that gravity segregation effects are in-place and are exacerbating the gaschanneling problem. In addition, there are areas within the reservoir which are not receiving pressure support due to the cycling effects, and have fallen below miscibility pressure. All of these situations are working negatively against the ultimate recovery from this EOR process.
Proposed Solution for Reduction of Constraints (Excerpt from original grant proposal):
Binger Operations intends, through this project, to demonstrate the potential to improve recovery by turning the natural fluid flow and reservoir properties to our advantage in improving sweep, maintenance of miscible pressure and ultimate recovery.
The project will incorporate the use of several advanced reservoir characterization and recovery technologies, and advanced reservoir management techniques. To further define the reservoir heterogeneities and extent of the producibility problems discussed above, this project will utilize a 3-D simulation in the form of a fine grid compositional window-area model encompassing the selected pilot area. The data for the window-area model will originate from the full-field model developed by IRT, and enhanced by additional pressure and reservoir property data, as well as flow profile information. The window-area model will also be used to aid in the planning of pattern development, the designing of the optimum configuration for the horizontal lateral sections, and injection facility needs.
The producibility problems will be addressed through the use of horizontal laterals placed in the lower portion of the sand section in producers, and along the upper portion of the reservoir in injectors. Completion and stimulation technology will be investigated to attempt to determine the most efficient manner in which to treat the horizontal sections without inducing fractures through which the gas could channel down into the wellbore.
Fracture stimulation technology will also be investigated and incorporated into the stimulation of the injectors in the pilot area to optimize the volume of gas that is injected into this low permeability reservoir. Topical Report -Budget Period I Category/ Table V 
